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Outline

Original software (STRUCT+MARS) — used to predict activation and
ring loss profile

Motivation for re-simulations of booster collimators
Requirements for tracking software & lattice file

Suggested software for re-generation of activation and loss profile:
MADX+MARS

MADX: features and necessary implementations (scattering in
primary collimators, trapezoidal apertures, initial particle
distributions, postprocessing)

MADX: first results for horizontal collimators

Acknowledments: Mokhov, Striganov, Lebedev, Pronskikh
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Original software STRUCT+MARS

STRUCT - particle tracking engine:
« Accept MAD -8 optics table for lattice generation

« Simulation of lattices with all types of magnets
In booster - bends, combined function magnets,
multipoles (Q,S,0,..14-), RF cauvities, drifts, etc.

 Different types of apertures
e Use externally generated particle coord .

e Treat interaction of p with material  of
collimators (some “old” MARS modules included
iIn STRUCT)

 Output coords of lost particles  for more
comprehensive analysis with MARS-code
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4 work_paint.f
STRUCT status .
work_paint.f_Cosin_single_notcher

work_paint.f_Cosin_two_notchers

® STRUCT had been develOped and work_paint.f_Gauss_single_notcher
supported by only one person (A.D.) - votpantiGes tio_notcher

work_paint.f_Hor_Notcher_L05

 Very difficult to use w/o his guidance:  wercpantt o votcher 112

work_paint.f_Hor_Notcher_L12-last
» Some FORTRAN modules have several
versions : each for every particular task =>
many versions of executables

» Most numerical data for particular task are
given inside source code (not external files)

» No guide/manual how combine multiple
versions of modules to produce executable !

» Another drawback: only under UNIX OS

STRUCT must be replaced by another well-supported
modern particle tracking code (e.g. MADX)

work_paint.f_Ver_Notcher_L05

V.Kapin, Booster Collimation, 4
04/22/2015
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Figure 2: Geometry definitions for different types of aperture.
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Example of S

RUC

simulations

Booster Collimation and Shielding - N.V. Mokhov, 2010

Proton Source Workshop, Fermilab, December 7-8, 2010

Simulations

for 400 MeV:
0.15mm Carbon Foll
for primary collimator

Reality:
Installed
0.381 mm
Copper folil
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Motivation for re-simulations of

booster collimators
N.V. Mokhov, 2015 (e-mail):

As | keep saying for many years, the parameters of a primary collimator
Installed in the Booster are very different from what was designed for

the collimation system in 2001.

| reiterated it again ... in December 2010, Beams-doc-3734.

... the highest performance of two-stage collimation system in the Booster
In simulations ...- for the horizontal and vertical primary collimators made
of tungsten 0.003 mm (graphite 0.15 mm ) thick at 400 MeV.

Instead, 0.381 mm copper foil was installed as primary collimator.

As a result, the performance of such a collimation system was
substantially lower compared to the proposed two-stage collimation
system with two primary collimators and three secondary collimators.
The main reason is a very different angular kick given to halo protons by
the above copper foil... Thick kick for copper is 11.5 times larger than
designed for graphite and tungsten at 400 MeV
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Simple analytical evaluations

13.6 MeV

Oy = e 2 v x/Xo {1 + 0.038 In(a /Xo)} XlglcmZJ — p[g/cm3jm[cm]

C: Xy =42.70g/cm?®; p© = 2.210g/cm’ Cu: X;" =12.86g/cm*; o< =9.96 g/cm’
Joudno \/2 210 0%
/ =0.228H/d° pr™ _ |8 96 cu 2/qe
Equation for equivalent Cu foil: 0.22813/d° =0.8343/d%
d< = (O 228) [¢© =0.074[@l°

ford“ =0.015cm = 0.834

d“ =0.074 [0.015 = 0.001cm = 0.01mm = 10zm
Increase in rms angle for real 0.381mm foil: genre [genie = /0.0381/0.001 = 6

V.Kapin, Booster Collimation, 8
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Principle scheme of 2-stage
collimation system

Bryant, in CERN Acc. School (1992), p.174
The primary collimator is followed by

Particles scattered two secondary collimators set at
(@) i 21 E ) optimized phases for intercepting the
dx/dy Primary \ __Scattered particles.

-/
Mﬁes scattered

S'r;&aworSimulations steps (also in STRUCT):
primary %* (Generate part. distribution on edge of

(c) nwerds 4y “Prim-Collimator (halo-particles)
Particies i “*Scattering in material of thin P-Coll
escaping dX/dp . . .
system % **(Non-linear) Tracking scattered parts
'd" - s*Collect lost particles on Sec-Colls and
o \ other magnet apertures
..";hadows of primary
and secondary collimators ) .
halo particles => large amplitudes =>
Fig. 11 Main features of a collimation system : :
Correct treatment non-linear dynamics
V.Kapin, Booster Collimation, 9
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Why MADX ?

MADX is a successor of MAD8 and is industry standard.
Developed and supported by CERN

| have a long-term experience with MADX: both in development and
usage (subjective reason)

My collaboration with CERN on MADX started in 2005:

Development PTC-tracking module using as a prototype thin-lens
tracking module

Development space-charge version of MADX (now used at CERN,
BNL, FNAL)

Particle tracking done with MADX for projects at GSI, ITEP and FNAL

Implemented fringe-field treatments for Muon-Colliders (DynAp-
studies) via generating and importing COSY-infinity maps

V.Kapin, Booster Collimation, 10
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1)
2)
3)
4)
5)
6)

7)

MADX as a substitute of STRUCT

Booster lattice file is already in MADX format (no need for import),
even used as tracking engine for Booster LOCO code

Nonlinear tracking of halo particles — MADX is proven to be
simplectic & benchmarked tracking code.

Fortran subroutines for simulations of scattering in Prim -
Collimators from MARS can be also used (done!)

Initial particle distributions can be also generated and accepted for
tracking (done with MADX internal macros !)

Most of Apertures (Rect., Elliptical, Racetrack) with offsets are
Implemented for thin-track module + trapezoidal has been added

Table with lost particles is also available (Thin-track) for further
usage with MARS (post-processing & plots with gnuplot)

MADX extensions to treat both space-charge effects (affect on
phase-advance) and fringe fields (large particle amplitudes) are
available, if needed

V.Kapin, Booster Collimation, 11
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Booster lattice file — many versions

All MAD-8/MADX lattice files w/o any apertures
booster madx rev4829472d

list of mad8 lattices under considerations

apertures only in STRUCT lattice files

No [Name lattice file lused/e: Reld
1 |booster Rev #e92eec60 20130405.mad8 usel LAT92.INP_BOOSTER_V1.7e_coll real ...
2 |booster_coll-2011-Kiomy.mad.20120621.mad8 exclud LAT92.INP_col-2011_Primary_col
3 booster_coll—201_1.mad.2q120411.mad8 usel_ LAT92.INP_col-2011_Secondary_col
4 |\booster.mad Yuri_Alexahin_2011.20110303.mad8 ~akin .
LAT92.INP_vert_notcher
5 |booster.mad Bill Pellico 2009.20090107.mad8 ;;zkm . LAT92.INP_hor_notcher_bump
5a [boostermad Bill Pellico _2009.20091118.mad8 exclud LAT92.INP_hor_notcher-pOmm
5b booster.mad Bill Pellico 2009.20100303.mad8 usel LAT92.INP_dipole
5S¢ |booster.mad Bill Pellico 2009.2009118.mad8 exclud = _ )
5d |booster.mad Bill Pellico_2009.20091118.mad8 exclud LAT92.INP_2-hor_notcher_final_Igor_i..
LAT92.INP_old
6 |booster.mad V1.7e NEW dog03-Nol3 NewMilorad orb01 NOecorr.20110107.mad8 [use2
62 pooster.mad_V1.7e NEW dog03-Nol3_NewMilorad_orb01_NOcorr.20091001.mad8 xclud | LAT92.INP_col-2011_Secondary_3.85...
i (Giff1= | AT92 INP_col-2011_Secondary_5.4si...
6b |booster.mad V1.7e NEW dog03- usel (¢
[No13 NewDMilorad orb01_NOcorr_Apr2010.20130214.mad8 64=-14 LAT92.INP_2-hor_notcher_final_Igor
6c |booster.mad V1.7e NEW dog03-Nol3 NewMilorad orb01 NOcorr.20100408.mad8 E:;{cf?cée LAT92.INP_col-2011-Kiomy
iff &
3=-0+1 LAT92.INP_Tropin_Apri_2012
6d [pooster.mad V17e NEW dog03-13 NewMilorad orb01 corr2 STRUCT.20080304 mad8 use3 . LAT92.INP
(diff 6
80—=-74 |#| LAT92.INP_2-hor_notcher_L12_0.4GeV
e |booster.mad V1.7e NEW_dog03-Nol3_NewMilorad_orb01_NOcorr.20091001.mad8 [excludeu (—va,
6f |pooster.mad V1.7e NEW dog03-Nol3 NewMilorad orb01.20070104.mad8 used
6g [pooster.mad V1.7e NEW_dog03-Nol13_NewMilorad_orb01_NOcorr.20091001.mad8 |excluded(=6a)
6h |booster.mad V1.7e NEW_dog03-No13_NewMilorad_orb01_NOcorr.20090610.mad8 |excluded(=6a)
7 |booster vorobiev mad.20080305.mad8 usel
8 |booster.mad kriol. 20001121 . mad8 |obsolete 7

V.Kapin, Booster Collimation,
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LAT92.INP_col-2011_PrH
LAT92.INP_col-2011_Prv
LAT92.INP_coll-2011
LAT92.INP_vert_notcher_bump
LAT92.INP_hor_notcher-p2mm
LATS2.INP_MARS
LAT92.INP_2-hor_notcher L12
LATS2.INP_2-hor_notcher_final
LAT92.INP_1-vert_notcher_NC_bump
LAT92.INP_1-vert_notcher
LAT92.INP_1-vert_notcher_Igor
LAT92.INP_2-hor_notcher_L12_0.7GeV
lat92.inp_Fernanda.20120622.inp
LAT92.INP_Tropin_July_2012
LAT92.INP_2-hor_notcher 112 0.7Ge...

12



STRUCT “LAT92.INP_coll-2011”: Apertures

' |APRI* APZI EI’ description
mm/in mm/in.
1 57.15/2.25" |57.15/2.25" [2-CIRC* circular pipe with radius R=2.25" (R=0.05715m)

4 [67.45 32.5/ 1-RECTS rectangle with half(?) sizes a=0.06745m, 5=0.0325m

7 114 120  [I-RECT rectangle with half(?) sizes ¢=0.0114m.,b=0.012m

11 35 [931  [I-RECT rectangle with half(?) sizes ¢=0.0635,6=0.02931m

circular pipe with radius R=3"

! I is number of aperture in the list which corresponds to CODAPE in the lattice part (below)

I APRI and APZI are hor. and vert. half aperture sizes, respectively [mm] On Iy circu Iar, rectang ular
3 KAPEI type of aperture in STRUCT .
4 CIRC is for cireular aperture in STRUCT and trapezoidal apertures

3 trapezoidal aperture in booster's combined function Defocusing magnets
S RECT is for rectangular aperture in STRUCT
7 trapezoidal aperture in booster's combined function Focusing magnets 3

04/22/2015



STRUCT “LAT92.INP_coll-2011":
element locations in booster madx_rev4829472d
(cells 5 — 7 near collimators has been revised)

Booster Tunnel Map

Short 5 Long 6 Short 6 Long 7
B:BLMO061
B:HORPC B:VERPC B:BLMO72
B:BLM062 B:BLMLO7
B:BLMS05 | J B:BLMS06 B:BLM071| l
_.f 51D Ii.s-zF 53 F r—ﬂs-m " 61D [ 62F [*163F 64D 7-1D
B:BLMLOS [ BBLM052 B:BLML0G
B:BLMO51

B:S5PCH - upstream mini-straight of Period 5
B:S5PCV - downstream mini-straight of Period 5
6A - upstream end of Long 6

6B - downstream end of Long 6

7A — upstream end of Long 7 2005 Sullivan & Pellico
in DOE review

V.Kapin, Booster Collimation, 14
04/22/2015



cells 5 — 7 near collimators: Cell 5

FDOODFO-lattice cell No.05

- a,=76.2mm
@52 smm b,~28.57mm
b =20.83mm v
_ tv 0086 = tga=0.086 =
1B (e R y—Higayrth, ' o . B
nl y:'(tga)X+b, | g Ve 1 Horizontal - Ié
v o~ K] - w
we e af L0s QR G TE i 2
N T A N DX — Collimator i
L% @ PO 0 1 e e
+ 3 | ~ E E _ 2.25" X le/
M A 1 R T ey >
—A " Y 95,00 29 29 8¢ 75 ZZE7A 2
£ 77 i 2282 8 ile \ <=
o 1 q i o B 1
VTG U oamaos )
= MititrRitin 2 T e M TiriTTThtraroiil | v
———— ———— - =1 gt —————— ————————}0
mml_wso oz J (=R ¥ oy ;: S | e oy ||| | oz (] sz ||
"""""" 6.0m 1} g 2890m | E
€ 2.890m > E< 2.890m > < 2.890m > 2‘ 2.890m » g_
- >l 19.758m (=2x0.6+4x2.8896+2x0.5+6.0) > o >
[24x19.758m =~474.192m -> 474.204m(madx)]
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cells 5 — 7 near collimators: Cell 6

FDOODFO-lattice cell No.06

_ a,=76.2mm
Zrﬁé-é;ﬂm Ay Verical b.=28.57mm
=ZU.0omm —~ rimary _ —_
g tgva:() 086 1 E |€| Collimator tga_0'086 | g
i - : -.& x y=Htgaptb, _ - g
g o, Gid B E N TE E uE
T N el LO6 s 7. 22 T 20 S
0 = Horizontal Vertical . 8 .27 > X T ! v,
" s Secondary Secondary S « \J ~ 2
X v Collimator Collimator "Z‘ = m
Lo
£ AR — <
q;'>) T 1 H T
1 F..MAGU,06 D.MAGU,06 DeMAGD,,,,06 F,.MAGU,06
hits T IISidnEne o ThidstOTTTERTERTL AT © ;
. - . - - - - - - o,
o )
@ 2890m | El o 2890m 6.0m « 239m | El g 2800m |
- > 2l 19.758m (=2x0.6+4x2.8896+2x0.5+6.0) DAt = —>»> C;i—

[24x19.758m =~474.192m -> 474.204m(madx)]
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Long 6 In detalls (photos from my tunnel visit)

LO6
— I 50.85"(1.292m)
f‘“l:]. 48" (121 ( 7-15mm)
=
nE o3 s &
w— -()- 8 P
o ] S}
— < 5| e
DeMAGU,06 D.MAGD,06
| —— G} —=i | >

-

41" NG
(~104¢m)

{~43¢cm)
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Long 6: revised vs STRUCT & MADX lattices

STRUCT:

“LAT92.INP_coll-2011”
E) - g
: =19" a=15" . &
' 8 Somm ( E a=L9 g1 ' 2
Al < - & (48.26mm) (38.1mm) N2
Zle Ist » e Ist —»,_—14— Whes
: & L_.|§|:‘|; Horizontal — _ 1. =T 1 | k Vertical FE Q;L'C/ - &
' = gl Secondary ’_;: \ s - Secondary -,='< - r_l 2 S &
"z" =0 R Collimator a r LA, S Collimator  # - A l? ;

2.
-

@

®

5P
!

D.MAGU,06 X > , D.MAGD,06

- ’@4; (fff w/o tapered 5 a w/o tapered O

entrance \—/
[T

' J ~0.382m ' j
~25.8" [T T : | s
: <)-—-—-—-—I< )I ’ Iﬁ
0.655m) '0 — - t , ' N5

1
T T T T [#>) T [* ] —
— —~ Ul A lgo IS LA —
o« 1 1 ] 2 — 3 =, 4 o0 =t (o
v gl © 2 e S
g 51 g 1 o S 1 i
i\ ~ m 1en l co
S L. 3 j 1.6 _ . " g
shift ~18cm(7") shift ~12cm(4.6") g
Name STRUCT/MAD FL [m] |lc[m] s Long S m I | KAPEI R, mm 2 mm Name STRUCT/MAD FL [m] lc[m] s Long S m R, mm 2, mm Name STRUCT/MAD FL [m] lc[m] s Lomg S m
DHB/rbend 1.4449] 68792 0 104.925 sveonl 11.825( 4.94590]105.871] DR 0.024] 12.484 5.605] 110.33
L1062 [DR 0.6131] 74923] 06131[105.538 DR 0.024] 12508 se29[110.554
wallnl |oR o| 72923 06131 105,528 L06D 0.0641] 11.889]  so1f109.935 DR 0.024] 12532] ses3[110.578
SHCOLL 8.7093( 1.8301| 106.755 HPOGL |DR 0.09S) 11684) 5.105] 110.03 DR 0.024| 12.556| 5.677[110.602
vPO6L |DR 0.095] 12,079 5.2 110.125] DR 0.024] 1258] s701f110.626
L06B DR 9.8792 3[107.925) LOSE DR 0.315] 12394] 5515 110.44 SEXT 0.024| 12.604]| 5.725| 110.65
ss DR 0] 9.8792 3[107.925 DRSO DR 0.066) 1246) 5381]110.506 DR 0.024] 12.628 5.749| 110.674
ss DR 0.6] 10479 3.6] 108.525] DR 0.066] 12.694] 5815 110.74
SPRCE2 |DR 0.1289| 10.608| 3.7289 108.654 T06F DR 0.185] 12879 6[110.925
wallhv [DR 0] 10.608| 3.7289| 108.654

MADX-lattice rev. 4829472d (2014): SHCOL1(0.6m), SVCOL1(0.6m), SHVCOL(0.6) - all 3 in L06 - initial 2003 STRUCT’s version
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cells5 -7

FDOODFO-lattice cell No.07

near collimators: Cell 7

_ a,=76.2mm
a,~82.5mm b,=28.57mm
b,=20.83mm - v 0,086 -
=  tg0=0.086 & ‘o= E
= 8o _E y=t(tgax+b, _ & - =)
e y=(tgaxtb, ' Ve g = té
Gf e 58 el R
1 KBS Lo7 gty B 20 B
D _ 2.25" (o] W
»»»»»» o & % = 2 2nd Horizontal & Vertical .2 & B | S J:’
X v — Secondary Collimator o 9 _ 6.00"
f = S 1o m
A T
7 F,.MAGU,07 D.MAGU,07 D.MAGD,,, 07 FMAGD, 07| [N
TisinrTemmiirnt M|
p—— | = | R s ee— [ B S
___________ 2. 2. g 5goom . | B
< 2.890m > E( 890m : 6.0m >l 890m > il 2.890m > g
- R . 19.758m (=2x0.6+4x2.8896+2x0.5+6.0) > > )4—
R [24x19.758m =~474.192m -> 474.204m(madx)]
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Long 7: revised vs STRUCT & MADX lattices

STRUCT:

£l
1] L] E = E =
LAT92.INP_coll-2011 =) R g
B = 2 TS W E 50mm
: E_ﬂ,_ < 5+ — Ind LO7
! =] N TR") —»I—‘—
o —»’_—l‘— s O Horizontal
ﬁp\] Fe —)]_—]‘— - E & Vertical
. £ T |; -t v t Secondary - &
" = AN AL R 9 Collimator =)
v - r A5 v
=) ' =

CPLO7

Y
T

/Q R=3"
/& (76 2mm) : :
DMAGU,07 = -|[:D.MAGD,07

t -l - == 03 e frr—
| — SO cﬂ w/o tapered = ©®) 1>
[0&3DT] e entrance __ _ —— oy OB 7oy

“““ R ~0.43m

.)<:'

1.9028

- shift ~12cm(4.7

Name STRUCT/MAD |FL [m] |lc [m] |s_Long I |[KAPEI |R, mm |Z,mm Name STRUCT/MAD |FL [m] |Ic [m] |s Long STRUCT/MAD |[EL [m]|lc[m] |s_Long
DHB/rbend |1.d4448| 6.8792 0 . SVCOL2 |DR 0.6| 10479 3.6 0.024] 12484| 5.605
L07n DR 0.6858 7.565| 0.6858 R LO7C DR 0.51| 10989 4.11 0.024| 12508 5.629
wallh2 |DR 0| 7.565| 0.6858 SEXL67 |DR 0.3 11289 4.41 0.024] 12532| 5.653
SHCOL2 8.782| 19028 L07D  |DR 0.15) 11439 4.56 0.024| 12556 5.677
LO7E  |DR 1.0872| 9.8792 3 SEXL47 |DR 0.3] 11739| 4.86 0.024| 12.58| 5.701
wallv2 DR \ 0] s.8792 3 L07E  |DR 0.15| 11.889) 5.01 0.024] 12604] 5.725
HPOTL |DR 0.0%95] 11.984| 5.105 0.024] 12.628| 5.74¢
VEOTL (DR 0.095| 12.079 52 0.066] 12694 5.815
LO7F DR 0.315] 12.3%4 5515 .07G ‘DR 0.185| 12879 )

DRS DR 0.06&| 1246 5.581

MADX-lattice rev. 4829472d (2014): SHCOL2(0.6m) and SVCOL2(0.6m) - 2 in LO7 - initial 2003 STRUCT’s version
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Generation of Initial particle distribution

done with MADX internal macros !

Prim Collimator

Beam halo: strip ~ 10 pm
. Along x — Gaussian
X Alongy-1/r

y' ~dp/ds; x’ (? Gaussian)

Beam-core is not normally simulated, but its action via S.C. can be added

V.Kapin, Booster Collimation, 22
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MADX: initial
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MADX: initial particle distribution at H-Prim
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New apertures in MADX (for thin-track)

Add into MADX thin-track module:
“sapertype=Trapezoidal
“* Apertype=nhprimcoll or vprimcoll

FMAG_c: SBEND, APERTYPE= FOCTRAPEZOID,
APERTURE={0.0825,0.02083,0.086},

hprim_0: rcollimator, =0, APERTYPE=hprimcaoll,
APERTURE={xsize_hprim,ysize_hprim},
APER_OFFSET={x_hprim_neg_offset,0.0},
PRIM_COLL_ MATTER=copper,
DP_RELATIVE_DROP=0.9, MATTER_THICKNESS M=0.000381;
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MADX: first results for horizontal collimators

During first turn only
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MADX: first results for horizontal collimators
After 10 turns
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Conclusion

MADX lattice for booster in collimation areas has been revised (info
from reports, ruler meas. & drawings)

Scattering module from STRUCT extracted, tested and included in
MADX (thanks Striganiov & Mokhov)

Trapezoidal apertures in MADX - implemented

Generation of specific particle distributions - done

First runs for Hor. Collimation - performed

Oprtimal thickness of PrColl ~50 mkm (<< of existing 381 mkm)

Runs for vertical and additional post-processing routines should be
performed within next weeks

Results confirm a need for a discussion about replacement of
primary collimators
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Effects of Collimators on Ring

Losses
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Bartoszek Eng. (some info on web)

{8 The Design of the Booster Colimators - Internet Explorer
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@@' I http:/ /v bartoszekeng.com/boostershield/boosterce ,0 j
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